Développement économique Canada

Office de la Propriété Intellectuelle du Canada

I*I Innovation, Sciences et

Innovation, Science and
Economic Development Canada
Canadian Intellectual Property Office

anen 3 033 879

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2017/08/18

(87) Date publication PCT/PCT Publication Date: 2018/02/22

(45) Date de délivrance/lssue Date: 2023/10/03
(85) Entrée phase nationale/National Entry: 2019/02/13

(86) N° demande PCT/PCT Application No.: US 2017/047539
(87) N° publication PCT/PCT Publication No.: 2018/035425

(30) Priorités/Priorities: 2016/08/19 (US62/377,150),
2016/09/23 (US62/398,834)

(51) CLInt/Int.Cl. E27C 25/76(2006.01),
E21C 25/18(2006.01), E21C 27/12(2006.01),
E21C 27/22(2006.01)

(72) Inventeurs/Inventors:
DAHER, NAGY, AU,
BOYD, RICHARD, AU;
BAGNALL, EDWARD, AU,
REEVES, STUART, AU

(73) Propriétaire/Owner:
JOY GLOBAL UNDERGROUND MINING LLC, US

(74) Agent: BLAKE, CASSELS & GRAYDON LLP

(54) Titre : HAVEUSE AVEC FLECHE ARTICULEE ET SYSTEME INDEPENDANT DE MANIPULATION DE MATERIAU
(54) Title: MINING MACHINE WITH ARTICULATING BOOM AND INDEPENDENT MATERIAL HANDLING SYSTEM

(57) Abrégé/Abstract:

A cutting assembly for a rock excavation machine including a frame. The cutting assembly includes a boom supported on the
frame and a cutting device. In some aspects, the boom includes a first portion and a second portion, and the first portion includes a
first structure and a second structure slidable relative to the first structure. The second portion includes a first member pivotably
coupled to the second structure, and a second member pivotably coupled to the first member. The cutting device is supported on
the second member. In some aspects, a material handling device is supported independently of the boom and movable between a

retracted position and an extended position independent of the boom.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191

CA 3033879 C 2023/10/03



wo 2018/035425 A1 | 00000 O RO

(43) International Publication Date

CA 03033879 2019-02-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2018/035425 A1l

22 February 2018 (22.02.2018) WIPO I PCT

(51) International Patent Classification: (72) Inventors: DAHER, Nagy; 665 Punchbowl Rd., Punch-
E21C 25/16 (2006.01) E21C 27/12 (2006.01) bowl, NSW 2196 (AU). BOYD, Richard; 27 Hudson Av-
E21C 25/18 (2006.01) E21C 27/22 (2006.01) enue, Balgownie, NSW 2519 (AU). BAGNALL, Edward,
. A PO Box 7100, Berrima, NSW 2577 (AU). REEVES, Stu-

(21) International Application Number: )
PCT/US2017/047539 art; 8/20 Church St., North Wollongong, NSW 2500 (AU).
(22) International Filing Date: 74) Ag.ent.: MARSTALL, Brlgn J. jct al.; Mlchael. Best &
13 A £2017 (18.08.2017) Friedrich LLP, 100 East Wisconsin Avenue, Suite 3300,

ueus (18.08. Milwaukee, W1 53202-4108 (US).

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO
T 00 U8 LG S 106 (b0 Off o, G i

; eptember (23.09.2016) HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(71) Applicant: JOY MM DELAWARE, INC. [US/US]; 2751 KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,

Centerville Road, Suite 342, Wilmington, Delaware 19808
(US).

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: MINING MACHINE WITH ARTICULATING BOOM AND INDEPENDENT MATERIAL HANDLING SYSTEM

FIG. 1

(57) Abstract: A cutting assembly for a rock excavation machine including a frame. The cutting assembly includes a boom supported
on the frame and a cutting device. In some aspects, the boom includes a first portion and a second portion, and the first portion includes
a first structure and a second structure slidable relative to the first structure. The second portion includes a first member pivotably
coupled to the second structure, and a second member pivotably coupled to the first member. The cutting device is supported on the
second member. In some aspects, a material handling device is supported independently of the boom and movable between a retracted
position and an extended position independent of the boom.

[Continued on next page]



CA 03033879 2019-02-13

WO 2018/035425 A1 || /00O N A0 0

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2018/035425 PCT/US2017/047539

MINING MACHINE WITH ARTICULATING BOOM AND
INDEPENDENT MATERIAL HANDLING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of prior-filed, co-pending U.S. Provisional Patent
Application No. 62/377,150, filed August 19, 2016, and U.S. Provisional Patent Application No.
62/398,834, filed September 23, 2016.

BACKGROUND

[0002] The present disclosure relates to mining and excavation machines, and in particular to a

cutting device for a mining or excavation machine.

[0003] Hard rock mining and excavation typically requires imparting large energy on a
portion of a rock face in order to induce fracturing of the rock. One conventional technique
includes operating a cutting head having multiple mining picks. Due to the hardness of the rock,
the picks must be replaced frequently, resulting in extensive down time of the machine and
mining operation. Another technique includes drilling multiple holes into a rock face, inserting
explosive devices into the holes, and detonating the devices. The explosive forces fracture the
rock, and the rock remains are then removed and the rock face is prepared for another drilling
operation. This technique is time-consuming and exposes operators to significant risk of injury
due to the use of explosives and the weakening of the surrounding rock structure. Yet another
technique utilizes roller cutting element(s) that rolls or rotates about an axis that is parallel to the

rock face, imparting large forces onto the rock to cause fracturing.

SUMMARY

[0004] In one aspect, a cutting assembly for a rock excavation machine having a frame
includes a boom supported on the frame and a cutting device. The boom includes a first portion
and a second portion. The first portion includes a first structure and a second structure slidable

relative to the first structure. The second portion includes a first member pivotably coupled to
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the second structure, and a second member pivotably coupled to the first member. The cutting

device is supported on the second member.

[0005]  1In another aspect, a cutting assembly for a rock excavation machine having a frame
includes a boom and a cutting device. The boom includes a first end supported on the frame and
a second end. The boom further includes a first portion adjacent the first end and a second
portion adjacent the second end. The second portion is supported for moverent relative to the
first end by a telescopic coupling and is pivotable relative to the first portion about an axis. The

cutting device is supported on the second end of the boom.

10006] In yet another aspect, a rock excavation machine includes a chassis, a boom
supported on the chassis, a cutting device supported on the boom, and a material handling device
supported on the chassis independently of the boom. At least a portion of the boom is movable
relative to the chassis between a retracted position and an extended position. The material
handling device is movable relative to the chassis between a retracted position and an extended

position independent of the boom.

[0007]  Other aspects will become apparent by consideration of the detailed description and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a mining machine.
[0009]  FIG. 2 s side view of the mining machine of FIG. 1.
[0010]  FIG. 3 is a top view of the mining machine of FIG. 1.

[0011]  FIG. 41is a top view of the mining machine of FIG. 1 with a boom in a pivoted

position.
[0012]  FIG. 5is a front view of the mining machine of FIG. 1.
[0013]  FIG. 6is a side view of a portion of the boom in a retracted position.

[0014]  FIG. 71s a side view of a portion of the baom in an extended position.
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[0015]  FIG. 8 is a cross-section view of a portion of the boom of FIG. 2, viewed along

section 8--8.

[0016]  FIG. 9is a cross-section view of a portion of the boom of FIG. 2, viewed along

section 9--9.
[0017]  FIG. 10 is an enlarged view of portion 10--10 of the cross-section view of FIG. 8.

[0018] FIG. 11 is a cross-section view of a portion of the mining machine of FIG. 5, viewed

along section 11--11.

[0019] FIG. 12 is a side view of a portion of the mining machine with a boom in a lower

position.

[0020] FIG. 13 is a perspective view of a portion of the mining machine of FIG. 12 with the

boom in a lower position.

[0021] FIG. 14 is a side view of a portion of the mining machine with a boom in an upper

position.

[0022]  FIG. 15 is a perspective view of a portion of the mining machine of FIG. 14 with the

boom in an upper position.
[0023]  FIG. 16 is an enlarged perspective view of a cutter head.

[0024]  FIG. 17 is an enlarged perspective view of the cutter head of FIG. 16, with the boom

in a lower position.

{0025]  FIG. 18 is a schematic top view of a portion of the mining machine of FIG. 4, with a

cutter head engaging a rock wall.

[0026] FIG. 19 is a cross-section view of the cutter head of FIG. 16, viewed along section

19--19.

{0027}  FIG. 20 is a cross-section view of the mining machine of FIG. 5, viewed along

section 11--11, with the gathering head in a retracted position.
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[0028]  FIG. 21 is an enlarged side view of the mining machine of FIG. 2 with the gathering

head in a retracted position.

[0029]  FIG. 22 is a cross-section view of the mining machine of FIG. 5, viewed along

section 11--11, with the gathering head in an extended position.

[0030]  FIG. 23 is an enlarged side view of the mining machine of FIG. 2 with the gathering

head in an extended position.
[0031]  FIG. 24 is a cross-section view of a portion of the mining machine of FIG. 1.

[0032]  Before any embodiments are explained in detail, it is to be understood that the
disclosure is not limited in its application to the details of construction and the arrangement of
components set forth in the following description or illustrated in the following drawings. The
disclosure is capable of other embodiments and of being practiced or of being carried out in
various ways. Also, it is to be understood that the phraseology and terminology used herein is
for the purpose of description and should not be regarded as limiting. The use of “including,”
“comprising” or “having” and variations thereof herein is meant to encompass the items listed
thereafter and equivalents thereof as well as additional items. The terms “mounted,”
“connected” and “coupled” are used broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and “coupled™ are not restricted to physical or
mechanical connections or couplings, and can include electrical or fluid connections or
couplings, whether direct or indirect. Also, electronic communications and notifications may be

performed using any known means including direct connections, wireless connections, etc.
DETAILED DESCRIPTION

[0033]  FIGS. 1-4 illustrate a mining machine 10 (e g, an entry development machine)
including a chassis 14, a boom 18, a cutter head 22 for engaging a rock face 30 (FIG. 18), and a
material handling system 34. In the illustrated embodiment, the chassis 14 is supported on a
crawler mechanism 42 for movement relative to a floor (not shown). The chassis 14 includes a
first or forward end and a second or rear end, and a longitudinal chassis axis 50 extends between
the forward end and the rear end. The boom 18 is supported on the chassis 14 by a turntable or

swivel joint 54. The swivel joint 34 (FIG. 2) is rotatable about a swivel axis 58 that is
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perpendicular to the chassis axis 50 (e.g., a vertical axis perpendicular to the support surface) to
pivot the boom 18 in a plane that is generally parallel the chassis axis 50 (e.g., a horizontal plane
parallel to the support surface). In the illustrated embodiment, the chassis 14 includes slew
actuators or cylinders 66 for pivoting the swivel joint 54 and the boom 18 laterally about the

swivel axis 58.

[0034] As shown in FIGS. 2-4, the machine 10 also includes a service support member or
bridge 62 extending between the chassis 10 and the boom 18. In the illustrated embodiment, the
bridge 62 includes a first portion 62a coupled to the chassis 14, a second portion 62b coupled to
the boom 18, and an intermediate portion 68c coupled between the first portion 62a and the
second portion 62c¢. The second portion 62b is substantially aligned with the swivel axis 58 but
does not rotate with the boom 18. In some embodiments, a bearing (not shown) permits sliding
movement between the second portion 62b and the boom 18. The intermediate portion 68c may
be rigidly secured at each end to the first portion 68a and second portion 62b, respectively, or a
coupling (e.g., a spherical joint) may permit some relative movement. The bridge 62 supports
and/or guides various service lines (c.g., conduits, cables, wires, hoses, and pipes —not shown)
between the chassis 14 and the boom 18. The service lines may include electrical slip rings,

rotary unions, or manifolds at connection points.

[0035] As shown in FIG. 2, the boom 18 includes a first portion or base portion 70 and a
second portion or wrist portion 74 supporting the cutter head 22. Referring to FIGS. 6 and 7, in
the illustrated embodiment, the wrist portion 74 is pivotably coupled to the base portion 70 by a
pin joint 78. The base portion 70 includes a first or stationary structure 86 secured to the swivel
joint 54 and a second or movable structure 90. The stationary structure 86 is pivotable with the
swivel joint 54 and includes an opening 94 (FIG. 8) receiving the movable structure 90. The
movable structure 90 is movable relative to the stationary structure 86 in a telescoping manner
along a base axis 98. Linear actuators or slide actuators 102 (e.g., fluid cylinders) may be
coupled between the stationary structure 86 and the movable structure 90 to move the movable
structure 90 between a retracted position (FIG. 6) and an extended position (FIG. 7). The slide
actuators 102 may be coupled to the exterior surfaces of the stationary structure 86 and the
movable structure 90. In some embodiments, a sensor (e.g., a transducer — not shown) measures

the stroke or position of the slide actuators 102.

Date Regue/Date Received 2022-02-11
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[0036] As shown in FIG. 8, the movable structure 90 is supported relative to the stationary
structure 86 by bearing assemblies 110. In the illustrated embodiment, six bearing assemblies
110 are located in a common plane normal to the base axis 98, with two bearing assemblies 110
abutting the upper and lower surfaces of the movable structure 90 and one bearing assembly 110

abutting each lateral surface of the movable structure 90.

[0037]  Asshownin FIG. 9, an additional set of bearing assemblies 110 may be positioned in
a second plane normal to the base axis 98 and axially offset from the plane illustrated in FIG. 8.
In the illustrated embodiment, the second set includes four bearing assemblies 110, with one
bearing assembly 110 abutting each surface of the movable structure 90. In other embodiments,
the base portion 70 may include fewer or more bearing assemblies 110, and the bearing
assemblies 110 may be positioned in additional planes along the length of the base axis 98. The
bearing assemblies 1 10 may be positioned in a different manner. In the illustrated embodiment,
the bearing assemblies 110 are accessible from an outer surface of the boom 18; in other
embodiments, the bearing assemblies 110 may be accessible only from an interior portion of the

boom 18,

[0038] As shown in FIG. 10, each bearing assembly 110 includes a main support 118 secured
to the base portion 70 and a pad 122 abutting a surface of the movable structure 90. In addition,
a spherical bearing member 126 is coupled to the main support 118 to permit pivoting movement
of the pad 122 relative to the main support 118. The pad 122 includes one or more pockets or
chambers or galleries 130 formed in a surface of the pad 122 adjacent the movable structure 90.
The main support 118 includes a port 134 and a passage 138 providing communication between
the port 134 and galleries 130. The port 134 may receive a lubricant (e.g. grease) through a
manual feed or an automatic lubrication system, and the lubricant may be transferred to the
galleries 130 to lubricate the interface between the pad 122 and the movable structure 90. In
addition, in the illustrated embodiment, a hard, low-friction bearing surface 146 is secured to an
outer surface of the movable structure 90. The bearing surface 146 may be removably secured to
the movable structure 90 (e.g., by fasteners) or attached by fusion (e.g., welding). The bearing
assemblies 110 provide a low-friction interface and are capable of transmitting large forces

caused by the cutting operation.
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[0039]  In addition, a shim pack 150 may be positioned between the main support 118 and the
stationary structure 86 to adjust the position of the main support 118. A spring pack (not shown)
may be positioned between the main support 118 and the spherical bearing member 126 to
provide an initial load or preload to ensure that the pad 122 maintains positive contact with the
movable structure 90 during operation. In other embodiments, other types of bearing assemblies

may be used.

[0040]  As shown in FIG. 11, the wrist portion 74 is pivotable relative to the base portion 70
due to operation of one or more fluid actuators (e.g., hydraulic cylinder) or luff actuators 162. In
the illustrated embodiment, extension and retraction of the Iuff actuators 162 causes the wrist
portion 74 to pivot about a transverse axis 166 that is perpendicular to the base axis 98. The
wrist portion 74 may be pivoted between a first or lower position (FIGS. 12 and 13) and a second
or upper position (FIGS. 14 and 15), or an intermediate position between the [ower position and
the upper position. Stated another way, the luff actuators 162 drive the wrist portion 74 to pivot
in a plane that is parallel to the base axis 98 and the plane generally extends betweéen an upper

end of the machine 10 and a lower end of the machine 10.

[0041] In the illustrated embodiment, each luff actuator 162 includes a first end and a second
end, with the first end coupled to the movable structure 90 of the base portion 70 and the second
end coupled to the wrist portion 74. Each actuator 162 extends through the base portion 70 of
the boom 18, such that the actuators 162 are positioned in the movable structure 90. Also, the
transverse axis 166 may be offset from the base axis 98 such that the transverse axis 166 and the
base axis 98 do not intersect each other. In the illustrated embodiment, the machine 10 includes
two luff cylinders 162; in other embodiments, the machine 10 may include fewer or more

actuators 162.

[0042] As shown in FIGS. 16 and 17, the wrist portion 74 includes a first member 174
proximate a first end 178 and a second member 182 proximate a second end 186, and a wrist axis
190 extends between the first end 178 and the second end 186. The first end 178 of the wrist
portion 74 is coupled to the movable structure 90 of the base portion 70, and therefore the wrist

portion 74 translates or telescopes with the movable structure 90 in a direction parallel to the
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base axis 98. The cutter head 22 (FIG. 16) is positioned adjacent the second end 186 of the wrist

portion 74

[0043]  The cutter head 22 is positioned adjacent a distal end of the boom 18. As shown in
FIG. 16, in the illustrated embodiment the cutter head 22 includes a cutting member or bit or
cutting disc 202 having a peripheral edge 206, and a plurality of cutting bits 210 (FIG. 19) are
positioned along the peripheral edge 206. The peripheral edge 206 may have a round (e.g.,
circular) profile, the cutting bits 210 may be positioned in a common plane defining a cutting
plane 214 (FIG. 18). The cutting disc 202 may be rotatable about a cutter axis 218 that is
generally perpendicular to the cutting plane 214. In the illustrated embodiment, the cutter axis

218 is aligned with the wrist axis 190 (FIG. 18).

[0044] As shown in FIG. 18, the wrist portion 74 includes a universal joint or U-joint 226
coupling the first member 174 and the second member 182. In particular, the first member 174
includes a pair of parallel first lugs 234 and the second member 182 includes a pair of parallel
second lugs 238. A first shaft 242 extends between the first lugs 234 and a second shaft 246
extends between the second lugs 238 and is coupled to the first shaft 242 In some embodiments,
the second shaft 246 is rigidly coupled to the first shaft 242. The first shaft 242 defines a first
axis 250 that is substantially perpendicular to the wrist axis 190, and the second shatt 246 defines
a second axis 254. The second axis 254 may be substantially perpendicular to the cutter axis 218
(FIG. 16). The first axis 250 and the second axis 254 are oriented perpendicular to each other.
The universal joint 226 allows the second member 182 to pivot relative to the first member 174
about the first axis 250 and the second axis 254. Other aspects of universal joints are understood
by a person of ordinary skill in the art and are not discussed in further detail. Among other
things, the incorporation of the universal joint 226 permits the cutter head 22 to precess about the
axes 250, 254 of the universal joint 226, and the joint 226 is capable of transferring shear and

torque loads.

[0045] The cutter head 22 engages the rock face 30 by undercutting the rock face 30. The
cutting disc 202 traverses across a length of the rock face 30 in a cutting direction 266. A
leading portion of the cutting disc 202 engages the rock face 30 at a contact point and is oriented

at an angle 262 relative to a tangent of the rock face 30 at the contact point. The cutting disc 202
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is oriented at an acute angle 262 relative to a tangent of the rock face 30, such that a trailing
portion of the cutting disc 202 (i.e., a portion of the disc 202 that is positioned behind the leading
portion with respect to the cutting direction 266) is spaced apart from the face 30. The angle 262

provides clearance between the rock face 30 and a trailing portion of the cutting disc 202.

[0046]  In some embodiments, the angle 262 is between approximately 0 degrees and
approximately 25 degrees. In some embodiments, the angle 262 is between approximately 1
degree and approximately 10 degrees. In some embodiments, the angle 262 1s between
approximately 3 degrees and approximately 7 degrees. In some embodiments, the angle 262 is

approximately 5 degrees.

[0047] Referring again to FIGS. 16 and 17, the wrist portion 74 further includes a suspension
system for controlling movement of the second member 182 relative to the first member 174. In
the illustrated embodiment, the suspension system includes multiple suspension actuators 270
(e.g., hydraulic cylinders). The suspension actuators 270 may be independently operated to
maintain a desired offset angle 274 (F1G. 18) between the first member 174 and the second
member 182. In addition, the suspension actuators 270 may be filled with fluid and act similar to

springs to counteract the reaction forces exerted on the cutter head 22 by the rock face 30.

[0048] In the illustrated embodiment, the suspension system includes four fluid cylinders 270
spaced apart from one another about the wrist axis 190 by an angular interval of approximately
90 degrees. The cylinders 270 extend in a direction that is generally parallel to the wrist axis
190, but the cylinders 270 are positioned proximate the end of each of the first shaft 242 and the
second shaft 246 of the universal joint 226. Each fluid cylinder 270 includes a first end coupled
to the first member 174 and a second end coupled to the second member 182. The ends of each
cylinder 270 may be connected to the first member 174 and the second member 182 by spherical
couplings to permit pivoting movement. The suspension system transfers the cutting force as a
moment across the universal joint 226, and controls the stiffness between the first member 174

and the second member 182.

[0049]  In other embodiments, the suspension system may include fewer or more suspension
actuators 270. The suspension actuators 270 may be positioned in a different configuration

between the first member 174 and the second member 182. In still other embodiments, the
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suspension system may incorporate one or more mechanical spring element(s) either instead of or in
addition to the fluid cylinders 270. Also, in some embodiments, a fluid manifold 184 (e.g., a
sandwich manifold — FIGS. 16 and 17) may be positioned between the first member 174 and the

universal joint 226 to provide fluid communication to the suspension actuators 270.

[0050] As shown in FIG. 19, the cutter head 22 is positioned adjacent a second end 186 of
the wrist portion 74 (FIG. 16). The cutting disc 202 is rigidly coupled to a carrier 282 that is
supported on a shaft 286 for rotation (e.g., by straight or tapered roller bearings 288) about the
cutter axis 218. The cutter head 22 further includes a housing 290. In the illustrated embodiment,
the housing 290 is positioned between the second end 186 of the wrist portion 74 and the shaft
286, and the housing 290 is formed as a separate structure that is removably coupled to the
second end 186 of the wrist portion 74 (e.g., by fasteners) and is removably coupled to the shaft
286 (e.g., by fasteners). In some embodiments, the housing 290 is formed as multiple separate

sections that are coupled together.

[0051] The housing 290 supports an excitation element 302. The excitation element 302
includes an exciter shaft 306 and an eccentric mass 310 positioned on the exciter shaft 306. The
exciter shaft 306 is driven by a motor 314 and is supported for rotation (e.g., by straight or tapered
roller bearings 316) relative to the housing 290. The rotation of the eccentric mass 310 induces an
eccentric oscillation in the housing 290, the shaft 286, and the cutting disc 202. The excitation
element 302 and cutter head 22 may be similar to the exciter member and cutting bit described in
U.S. Publication No. 2014/0077578, published March 20, 2014. In the illustrated embodiment, the
cutting disc 202 is supported for free rotation relative to the shaft 286; that is, the cutting disc
202 is neither prevented from rotating nor positively driven to rotate except by the induced
oscillation caused by the excitation element 302 and/or by the reaction forces exerted on the

cutting disc 202 by the rock face 30.

[0052] Referring now to FIG. 20, the material handling system 34 includes a gathering head 316
and a conveyor 318. The gathering head 316 includes an apron or deck 322 and rotating arms 326
(FIG. 5). As the machine 10 advances, the cut material is urged onto the deck 322, and the rotating

arms 326 move the cut material onto the conveyor 318 for transporting the material

10
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to a rear end of the machine 10. The conveyor 318 may be a chain conveyor driven by one or
more sprockets 330. In the illustrated embodiment, the conveyor 318 is coupled to the gathering
head 316 by a pin joint 334 and is supported for movement relative to the chassis 14 by a roller
338 (FIG. 24). In other embodiments, the arms may slide or wipe across a portion of the deck
322 (rather than rotating) to direct cut material onto the conveyor 318. Furthermore, in other
embodiments, the material handling system 34 may also include a pair of articulated arms, each
of which supports a bucket for removing material from an area in front of the machine 10 and

directing the material onto the deck 322.

[0053] As shown in FIG. 21, the gathering head 316 and the conveyor 318 are coupled
together and are supported for movement relative to the chassis 14. Specifically, the gathering
head 316 and conveyor 318 are coupled to the chassis 14 by a link 350 and a sumping actuator
354. Although only one link 350 and sumping actuator 354 is shown in FIG. 20, it is understood
that the machine 10 may include a similar link 350 and sumping actuator 354 on each side of the

machine 10.

[0054] In the illustrated embodiment, a first end of the link 350 is pivotably coupled to the
chassis 14 (e.g., proximate an upper end of the front of the chassis 14) and a second end of the
link 350 1s pivotable coupled to the gathering head 316. The sumping actuator 354 is coupled
between the chassis 14 and the link 350 such that operation of the sumping actuator 354 moves
the gathering head 316 and conveyor 318 relative to the chassis 14 (movement that is commonly
referred to as “sumping”). The gathering head 316 and chassis 14 may be moved between a
retracted position (FIGS. 20 and 21) and an extended position (FIGS. 22 and 23), and any
intermediate position between the retracted position and the extended position. The stroke of the
sumping actuators 354 may be measured with a sensor (e.g., an internal transducer — not shown).
In some embodiments, the sumping actuators 354 include floating pistons to maintain the

forward edge of the deck 322 against the ground.

[0055] In general, the coupling between the wrist portion 74 and the base portion 70 is
positioned forward (i.e., distal) with respect to the telescoping coupling between the stationary
structure 86 and the movable structure 90. As a result, the articulating portion of the boom 18 is

more compact, thereby reducing the area between the cutter head 22 and the forward edge of the

11
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gathering head 316. Also, the material handling system 34 is coupled to the chassis 14
independent of the boom 18. As a result, the material handling system 34 can be extended and
retracted independent of the boom 18. For example, the boom 18 may be extended relative to
the chassis 14, and the material handling system 34 may be extended by a distance that is greater
than, less than, or equal to the extension of the boom 18. This provides versatile control of the
cutting and gathering operations. In some embodiments, the material handling system 34 can be
extended and retracted through a linear distance of approximately 500 mm, and the boom 18 can

be extended and retracted through a similar distance.

|0056) Although the cutter head 22 has been described above with respect to a mining
machine (e.g., an entry development machine), it is understood that one or more independent
aspects of the boom 18, the cutter head 22, the material handling system 34, and/or other
components may be incorporated into another type of machine and/or may be supported on a
boom of another type of machine. Examples of other types of machines may include (but are not
limited to) drills, road headers, tunneling or boring machines, continuous mining machines,

longwall mining machines, and excavators.

(0057} Although various aspects have been described in detail with reference to certain
embodiments, variations and modifications exist within the scope and spirit of one or more
independent aspects as described. Various features and advantages are set forth in the following

claims.
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Claims

L. A cutting assembly for a rock excavation machine, the rock excavation machine
including a frame, the cutting assembly comprising:

a boom supported on the frame, the boom including a first portion and a second portion,
the first portion including a first structure and a second structure slidable relative to the first
structure, the second portion including a first member pivotably coupled to the second structure,
and a second member pivotably coupled to the first member, the boom further including a first
fluid actuator for pivoting the first member relative to the first portion, a second fluid actuator for
driving sliding movement of the second structure relative to the first structure, and at least one
biasing member coupled between the first member and the second member; and

a cutting device supported on the second member,

wherein the second member is pivotably coupled to the first member by a universal joint,
the second portion further including a plurality of biasing members coupled between the first

member and the second member.

2. The cutting assembly of claim 1, wherein the first portion is supported on a turntable to
pivot laterally relative to the frame about a pivot axis, wherein the second portion is pivotable
relative to the first portion about a transverse axis oriented substantially perpendicular with

respect to the pivot axis.

3. The cutting assembly of claim 1, wherein sliding movement of the second structure

moving the second portion toward and away from a pivot axis.

4. The cutting assembly of claim 1, wherein the cutting device includes a cutting disc
having a cutting edge positioned in a cutting plane, the cutting plane oriented in a direction

substantially perpendicular to a longitudinal axis of the second portion of the boom.

5. The cutting assembly of claim 1, wherein the cutting device includes a cutting disc and
an excitation device, the excitation device including an eccentric mass supported for rotation in
an eccentric manner and positioned proximate the cutting disc, wherein rotation of the eccentric

mass induces oscillation of the cutting device.
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6. A cutting assembly for a rock excavation machine, the rock excavation machine
including a frame, the cutting assembly comprising:

a boom including a first end supported on the frame and a second end, the boom
including a first portion adjacent the first end and a second portion adjacent the second end, the
second portion supported for movement relative to the first end by a telescopic coupling and
pivotable relative to the first portion about an axis, the second portion including a first member
and a second member, the first member directly coupled to the first portion, the second member
pivotably coupled to the first member and positioned adjacent the second end, the boom further
including at least one fluid actuator for pivoting the first member relative to the first portion, the
fluid actuator positioned within the telescoping coupling, the boom further including at least one
biasing member coupled between the first member and the second member; and

a cutting device supported on the second end of the boom.

7. The cutting assembly of claim 6, wherein the telescopic coupling is positioned between

the first end of the boom and the axis.

8.. The cutting assembly of claim 6, wherein the second member supports the cutting
device, the second member pivotably coupled to the first member by a universal joint and a

plurality of biasing members.

9. The cutting assembly of claim 6, wherein the second portion is pivotable in a first plane
between a raised position and a lowered position, wherein the first end is supported for pivoting

laterally relative to the frame in a second plane oriented perpendicular to the first plane.

10. A cutting assembly for a rock excavation machine, the rock excavation machine
including a frame, the cutting assembly comprising:

a boom supported on the frame, the boom including a first portion and a second portion,
the first portion including a first structure and a second structure slidable relative to the first
structure, the second portion including a first member pivotably coupled to the second structure,
and a second member pivotably coupled to the first member, the boom further including a first
fluid actuator for pivoting the first member relative to the first portion, a second fluid actuator for
driving sliding movement of the second structure relative to the first structure, and at least one

biasing member coupled between the first member and the second member; and

24366328.2 14
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a cutting device supported on the second member,
wherein the first portion is supported on a turntable to pivot laterally relative to the
chassis about a pivot axis, wherein the second portion is pivotable relative to the first portion

about a transverse axis oriented substantially perpendicular with respect to the pivot axis.

11. The cutting assembly of claim 10, wherein sliding movement of the second structure

moving the second portion toward and away from a pivot axis of the boom.

12. The cutting assembly of claim 10, wherein the cutting device includes a cutting disc
having a cutting edge positioned in a cutting plane, the cutting plane oriented in a direction

substantially perpendicular to a longitudinal axis of the second portion of the boom.

13. The cutting assembly of claim 10, wherein the cutting device includes a cutting disc and
an excitation device, the excitation device including an eccentric mass supported for rotation in
an eccentric manner and positioned proximate the cutting disc, wherein rotation of the eccentric

mass induces oscillation of the cutting device.
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